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" SUPERSONICTESTSOFANO.015-SCALE

SPACESHUTTLEMATEDVEHICLENODEL(67-0TS)

IN THELaRCuPvr TOOBTAIN

AERODYNAMICFORCEDATA(IA42A/B)

By R. Hardin andR. Burrows,Rockwell International SpaceDtvtston

ABSTRACT

Thts report contatns results of wind tunnel tests of the NASA/Rockwell

O.OT5-scaleConfiguration 4 MatedSpaceShuttle Vehicle (67-0TS).

The tests were conductedIn two parts (IA42A,IA42B) to obtain aere-

were obtatned for an alpha range of -10° to +10° (_ = O, _ = 5°) andbeta

: range of -10° to +10° (a - 0°). "

_' A completemodelbulld-up was performed. Longitudinal and lateral-

:._: directional .stablllty andcontrol data wereobtained for tank alone, tank

)" plus SRB's, tank plus Orbiter, andmatedconfiguration of tank + O_btter
t

! + SRB's.
I

_'

) Single-componentrudder hinge momentdata were obtained at rudder de-
l,
_ flecttons of 0° and -20° for eachMachnumbertested.

t,

_
:? Plots of force andmomentsvs. Machnumberustngdata from test number
i

i-:_ LRC-STPT-667(IA41) fop Hachnumbersof 0.60 to 1.20 are presented In addt-
'f

,,r tton to plots of IA42 data. Themodeltested tn IA41was the samemodel

"i: as tested tn IA42A/B.
,ok

i III

,,)

t

i
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• :_ ZNDEXOF DATAFZGURES(Conc|uded) I

" hedule Coefflct Plotted• -. Sc .-.of.... ents :
:,,

A) _FT, CABT, CN, CLHvs ALPHA;CN vs CLH

B) DCN/DA,DCLMDA,XAC/L, CNALFO,CLMAFO,CAFAFO,CADAFOvs MACH

C) CY, CYN, CBL_,s ALPHA;CY vs CYN

D) _/DRO, CLI*_JRO,CAFDROvs MACH
• i

"" E) CY, CYN, CBL._s BETA, CY vs CYN
r

F) CY/DRO,CYNDRO,CBLDROvs MACH

1

J

tl

I 4 I....."'
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i

General

SADSAC

S_O_____L Sn_O____L Dm,nUTIO_

:_"-_:" s speed of sound; m/see, ft/see

":: Cp CP pressure coefficient; (Pl " P_)/q

.., M MACH Math number; V/a

': ,. p pressure; N/m2, psf

" ' q Q(_) dyna,,_cpreset; 1/2,_, _/m2, psf
.:, ,-":. Q(_)
"":' ": P_/L RN/L unit Reynolds number; per m, per ftb"

_' V velocity; m/see, ft/sec '

' a ALPHA angle of attack, degrees

,.:. .8 BETA angle of sideslip, degrees i

" ' _ PSI angle of yaw, degrees ,

": ;' _ PHI angle of _ degrees , _

i ' : p mess density; k_Jm 3, sluga/f_3 _ I

• :. Reference & C.G. Definitions

_-':'" : Ab base area; m2, ft 2

'_," b BREF wing span or reference span; m, ft

!, ' ' . c.g. center of gravity

:_"" , _REF LREF reference length or wing mean
_.,'." '. c aerodynamic chord; m, ft

I: !i:::• S SREF wing area or reference ares; m2, ft2

• _.. _P moment reference point

_P moment reference point on X axis

' "D/IRP moment reference point on Y axis

ii;:: _RP moment reference point on Z sxls

:_. SUBSCRIPTS

,-, ,_: b base
_".. _i l local

' _. s static conditions:_'_:' t total conditions
"" _ m free stream

'_t" •
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NOMI,_{CLt,_IBE(Contlnued) i

SAD_AC

pYMBOL oD_BOL DMHNITION

CN CN nonnril.-for(:,,cooffit,ieut: normnl forceqS

CA CA axial-force coefficient; nxial force
qS

Cy CY :;ide-force coefficient; side forceqS

CAb CAB base-force coefficient; base forceqS

-Ab(Pb - p<_)l,-Ls

CAf CAF forcbody axial force coefficient, CD - CAb

Cm CLM pitching-moment coefficient; pitching moment
qSIR_

Cn CYN yawing-moment coefficient; _win5 moment
q_

C_ CBL rolling-moment cc_ffJcient: rollins momentqSb

Stnbility-Axia S_stom

CL CL lift coefficient: lift
" qS

CD CD drag coefficient; drag
qS

CDb CDB base-drag coefficient; base dra_qS

CD£ CDF _orebody arag coefficient; CD .-CDb

Cy CY side-force coefficient; sid_ force
qS

Cm Cr/,! pitching-moment coefficient; pitcl_ing moment
qS_REF

Cn CLN yawing-moment coefficient: _rawiu_ momentqSb

C_ CSL rolling-moment coefficient: r°!lin_ moment

,: L/D L/D lift-to-_trag rutio; C_C D

,,i: L/I_ L/DF lift to forebofl_ cirag ratio: CL/CDf

t?

6
it I
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! 4_._. NOHENCLATUR_t I nued)

SADSAC
SYHBOL SYHBOL - D.EF.!NITION

CAbsRBN SRBnozzle base chord force coefficient
i

i C,AbET" External Tank base chord force coefficient (based
i on ACET)

Orbiter base chord force coefficient(based on

_:i C*AboRB A_)RBand Orbiter base pressures)

ii CAcET External Tank cavity chord force coefficient(corrected to base pressure)

'" Orbiter cavity chord force coefficient (corrected
i CAcoKB to base pressure)

_Z:,

" External Ta_k cavity chord force., coefficient (based
';" C*AcET on ACETand ET cavity pressures)

•iX C*ACoRB Orbiter cavity chord force coefficient (based on
_ ACORB and Orbiter cavity pressures)

_.'," CAT CAT mated vehicle total chord force coefficient

,. Cp( ) base and cavity pressure coefficient

•_4... MRP(XT,YT,ZT) momentreference point ts tn ET coordinate system
22;

_. Po tunnel freestream static pressure, p.fa

•,-._/.i PT tunnel freestream total pressure, psfa

_ To tu_mel freestream static temperature. °R

':; TT tunnel" freestream total temperature, °R

:_.:..!i..i_s..,_'°i' AbAcPS p, attitude(totalforC°ntr°ltwo)propulsion system base area, ft 2

l _ f t 2

..... _ AbETl _ _ External Tank total base area,

.i. {i_
LI .;

............ :....... : : :._=: : = _=:_=_:::=, ........ :: := =:::= : = ::= ......

L
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NOMENCLATURE(Continued) I

SADSAC
SYMBOL SYMBOL DEFINITION

Orbital Maneuvering System base area (total for
' AboMs two) , ft 2

AboRB total Orbiter bas_ area, ft 2

" _ AbsRB SRBshroud base area (minus projected nozzie base
area), ft 2 (total. for two)

AbSRBN SRBnozzle base area, ft 2 (total for two)

i' ACET External Tank cavtty area, ft 2

ACORB Orbiter cavity area, ft 2

CABAL balance chord force coefficient (uncorrected)

CAAcPS Attttude-_;ontrol Haneuvering System base c'lo-d
•._ force coefficient

CAbET External Tank base chord forccr :;' , ..; (based
on ABET)

' CAboMs Orbital Maneuvering System base chord force coef-ficient

CAbORB Orbiterbase chord forcec_fflcl_nt (basedon AbORB)

CAbsRB SRB shroudbase chord force coefficient

_ : WF( ) model pressure weighting factor, either 1 or 0
(denoted by manifold subscript number)

CmJCNo XAC/L longitudinal static stability dertvattvej-(Cm=/CN= )body axis system."

Xo Orbiter longitudinal station, in:

=::' XT Tank longitudinal station, in.

_ Yo Orbiter spanwtse station, in.
- !.

'_" YT Tank spanwtse station, in,

6r rudder deflection, degrees

_ 6SB SPDBRK speedbrake deflection, degrees

• I
;..

L-t,,
. ( ,

00000001-TSA14



',_ NONENCLATURE(Continued)

•,, SADSAC
S._YHBO___LLSYMBOL DEFINITION

CAbT CABT total matedvehicle basechord force coefficient;
'-. CAbT = CAT- CArT

...._ GAfT CAFT total matedvehicle forebodychord force coefficient;
:, CArT = CAT-, CAboRB - CAboNS - CAbAcPS - CAbsRB

:-, _ CAbsRBN - CAbET

: (CN)a=° Ci_bI.FO noel force coefficient at zero degrees alpha
. _'_

-::; (Cm)a=o CLNAFO pitching momentcoefficient at zero degrees alpha

_.:::. (CABT) C_FO base chord, force coefficient at zero degrees alpha! .o". a=O

i"::_,. (tAfT)a=° CAFAFO forebodychord force coefficient at zero degreesalpha!.).

' ::: (CY_;R) CY/DRO side for_ coefficient, gradient with rudder..deflectlon•:.: a=o - at zero alpha

!. , (Cn6R)a=° CYNDRO yawtngttonatemmentzeroalphaC°efftctentgradient with rudder deflec_

, (CeeR) CBLDRO rolling momentcoefficient grad4ent with rudder de-: :i a=o flectt on at zero al pha

_ (CNSR)a=° CN/DRO normalforce coefficient gradient with rudder deflec-
,::, tton at zero alpha

[.

: "; (Cm6R) CLffi)RO pitching momentcoefficient gradient with rudder"". a=o deflection at zero alpha
: .V__:

(CAfT 6R) CAFDRO forebody chord force coefficient gradient with rudder:- : a=o deflection at zero alpha

" CNa DCN/DA normal force coefficient gradient with angle of attack

Cma DCLMDA pitching momentcoefficient gradient with angle of,. attack

. .¢_u,

00000001-TSB01



NOMENCLATURE(Concirted)

SADSAC i
SYMBOL SYMBOL DEFINITION

CPTCI pressure coefficient in ET balance cavity, com-
puted froe_pressure tap18 data

CPTC2 pressure coefficient tn ET balance cavity computed
from pressure tap 19 data --

CPTP ET base pressure coefficient

CPSRBC SRBcavity pressure coefficient

CPSRBB SRBbase pressure coefficient

I
10

i,

!
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• b

. CONFIGURAT[ONS[NVESTZGATED

The model (#670TS) tested was a mated shuttle vehtcle that had butld-

up capability, Nodel butld-up was perfomed__l.th_the following configura-

tion combinations: Tank alone, Tank-+ SRS's,--Tanl_-Orbtter, and Tank +

: SRB's + Orbtter.

: The Orbiter was a cast alumtnumrepresentation of model 049-0; an

_. O.015-scale, 140A/B COnfiguration Orbiter. The Orbiter rudder had a stngl"e- ;

? componentstrain-gaged beamat the htngettne and could be set at 0° and -20 °.
i

i: The Orbiter body.f_laphad setttngs of -11 7.°, 0°, and 16.3 °. Orbiter elevons

could be set at +15° , 0° -40 °<, $ •

i"
-! The internal balance could be mounted in either the Tank or _e Orbiter.

I The Tank and.SRB's were madeof aluminumand all attach hardware and pen-

Cil tuberances were-simulated for the Tank, SRB's, and Orbiter.
-_li The following table, summarizes the model configurations and their.cor-

:i responding nomenclature::
Tab Data Confl guratlon Descrl ptl on

'_ 01 B26' C9' WI16' E26' F7' H7' N72' RS' V8' 119 or 24
j;

'::i T1 T12 (Baseline), X19or 24
%

-it. T2 T13 (Baseline wtth 1208 tnch radius tangent
_i: ogtve nose)

:__ T4 T18 (Shortened Baseltne)

[ S1__, S12 (Baseline), N25 X19 or 24

'_'_ P1 PTI' PT2' PT3' ATs' AT12' AT13' AT14' ATg' FLI'

1 FL2

=:.:F S 11

I

, , . ._......... _ _: - ;£._._:.'-:'--".-.-. -,--- _ " ..- .
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)

Tab Data Configuration Description

P2 PSI' PS2' PS3

P4 PT2, PT3, PT5' AT'5_AT12' AT13' AT14'ATg' FLI'

FL2 ,

P6 PT2' PT3' PT7' AT5' AT12' AT13' AT14' ATg' FLI'
FL2

FR1 FR1 (Umbilical door felrtng)

Bo_y layer transition strip X19 was used for IA42A (1.6 < M < 2.86)

and X24 was used for IA42B (3.9 < M .< 4.63).

The model base was tnstrume, ted with pressure orifices as showntn

figure ZL. These pressures were manifolded.as shownbelow.

... Test IA42A

t for in Data
CPt

Reduction section

: (Manifold No.) LOCATION TAP NOS. (Figure 2L)
i
L

l OrbiterCavity 16, 17 (_I. in orb.)
' I T_nk Cavity 18, 19 (bal. In tank)

T

2 OrbiterBase I, 2, 3, 4

3 Tank Base 7, 8, g, 10, 11, 12

4 SRBNozzle 5, 6

! 5 SRBShroud Base 13, 14 .

6 OMS& ACPSBase 15t

i
Test IA42B

I OrbiterCavity 16, 17 (bal.in orb. I
i I Tank CavlW 18, 19 (bal. in orb.
i! 2 Orbiter Base 1, 2, 3, 4

:i

_t. I

'i
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t for CPt tn Data
Reductionsectton
_:,Hantfold No.) Locatton TAPNOS.(Ftgure 2L)

3 TankBase 7, 8, 9, 10, 11, 12

4 SRBnozzle.. 15

• 5 SR8shrould base 13, 14

6 OMS& ACPSbase S, 6

" O 13

L
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TESTFACILITY DESCRIPTION ....l
)

The Lang_ Research Center Unitary Plan, Wtnd Tunnel ts an air-medium

continuOus-flow factltty consisting of two test sections. Asymmetrical

sliding-block type throats control Mach number, and models can be supported ,
1

from stings mounted to the side-wall strut-systems. Each test section ts _i
.!

4 feet by 4 feet. Sectton Number1 operates at M = 1.47 to M = 2.86 and

Section Number2 operates at H = 2.29 to M = 4.63. 2i

Reynolds numbers.and tunnel pressures are vartable_dth limitations

prescribed by tunnel capabtl:Lttes and model load designs. Nounal opera-

_. ttng total temperature ts 150°F.

1

) :!
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DATAREDUCTION _

Vehtcle total chord force coefficient (CAT) was computedas follows:

%. c_.L+c_0"+c_ (1)i ET

, where: ....

: cA =- cI +cI (3) '_
°_ bET '_:= : CET CET ,

and: )_ :

ACORB _11 14)

i:;!:i::....*" C_coeB = i CIz(1) _ACoRB MountedBalanCetnOrbttee

:;_' CXbo_ = CP(z)_ _(z)/ (51

::" -- C! - - C,,, _ _,, 16)

riCET r(1) OREF t'l _BalanceMounted

Ac / tn Tank! ce: - - cn ._._T..,F,.,, (7)
UET r(3 ) OREF _o//" _

:.,; Forebodychord force coefficient (CArt) .was computedas fol lows:

CArt CAT CAboRB CAboHS " CAbAcPS " CAbsRB

_ i " CA . CAbET (B)l bsRB ,
i N i

i

,,_:"
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I

,:.. DATAREDUCTION(Continued) J

whezeJ

_i AboRB WF(2) (9)

CAboRB (2) SREF
.... = - Cp

" AboMS WF(t), i = 4,for IA42A (10)6,for IA42B

: CAboMS =. Cp(t) SREF

AbAcPSWF(1) I 4, for IA42A (11')' = 6, for IA42B
CA =
bAcPS " CP(i_ SREF

WF
AbsRB. (5)

CA = - CP(5) (12); bsRB SREF

AbsRBN 6,fop IA42A (13)_, = WF(j), ,I = 4,fop IA42B

CAbSRBN - Cp(j) 5REF

AbET WF(3)

CA = - Cp _ (14)i.:._ bET (3)

CAbT= CAT" CA (15).. ft

: Longitudinal static stability derivative (XAC/L)
was computedas fol lows:

XAC/L = . Cma._. (16)
. CNa

x

16 I

.,.'

?,
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": ' DATAREDUCTION(Continued)

• (Cp(t)):i 14ode1pressure coefficient was computedas follows:

, P(t ) " Po ' (17)

< Cp(]) 4 k_

! • 1

i: i Rudder htnge momentcoefficient-was compu¢ed_asfollows:

, ._,_ flip

;:_" CHr - --Sr gr,, (18) ';

,;:. The following referenc. _ dImens4ons-andconstants were used: :

,:,_ _ Full Scale Rode1Scale

i AbACPS 37.778 ft 2 0.0085 ft 2

-';:,,, AbET 572.555 ft 2 O.1288 ft 2i_:<i

52.00 ft 2 0.0117 ft 2
"; AboI4S

; ' 337.778 ft 2 0.076 ft 2
, AboRB

184.332 ft 2 0.0414 ft 2
,, AbsRB

i: _ i 217.792 ft 2 0.0490 ft 2
AbsPBN

., ! ft 2
-_ _CET -- 0.0218 , : i

ft2
:-_,_,_ ACoRB -- 0.0349 _:,i

"i

IREF=bREF 1290.3 tn 19.355 In

S

{ .'
_T ......... i;= .Z_= =--:_=7_:._.-5Z_;_::_. :_Z2;---7..=_'_-#:"--:?=.:"- ==;_:_<: 7_._-.-.;.=_-_-...:=:- -a ...... -: --. s_:_=:..--_-- . ., _==) ...........,,:'_....
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i

i DATAn__nqCT!OH(Ce_c!uded) J
• i _ Full Scale Hodel Scale

, _ HRP XT 976 tn 14.640 tn

i YT 0.0 tn O.C,tn

ZT 400 tn 6.0 tn

SREF 2690 ft 2 0.6053 ft 2

• Sp T00.15 ft 2 0.0225 ft 2

":: _r 73.7 tn 1.106 tn i
t

" it

i
o.
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:"i q ,_ REFERENCES
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: :: VL78-000050 "Fatrt ng/ET/orbt ter Attach Hardware"
-'_!
" r" " ':'l" : Pretest Report

_ SD73-SH-0263 "Pretest Information for the O.Ot5-Scale Space Shuttle Hated
..,, Vehtcle Tests IA41 and IA42 tn t.he LRCUPifT'and LRC8-Foot TPT."

'i'_i { 19
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REFERENCE_(Concluded)

Reports
)

DHS-DR-2118 "Results o¢ Transonic Htnd Tunnel Tests on an 0.015 Scale
Space Shuttle Mated Yehtcle Model (67-OTS) in the LaRC
8-foot TPT (IA41)"; Hardin, R. and Burrows, R.
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Burrows, R.

zo
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REYNOLDSNUMBER DYNAMICPRE_;URE ;TAGNATIONTEMPERATURE
BACHNUMBER (W unitlunith) (po,eds/_l.ft) , (delPmFalnelett)

i _ ii i ii i= • i i i i i

• 1.6 . . 2.5 x Ip61_t, . 6oi _0
,. 1.7 2.5x lo6/f.t., 6o2 , 150

• *_" ! 2_0 1.5 x lOI;/ft. §9! lfin ,

;_ 2.0 . 2.5 x TO6/.ft. 356 1_iQ .

, . z.5 2.5 x 106/_t. 544 ... 150
2.86 2.5 x 106 rft. 494 l_;O

i

" i , , -w i i I ii i
I

" " l I i i i I i i i ii II I

' ' #849._" BALANCEUTILIZED: LRC .........
'__'} COEFFICIENT
....i CAPACITY: ACCURACY: TOLERANCE:

,%

°. SF 2501b __JiO.05i ,
AF 125 lb ,Or O_i =

" PM 1600 tn-lb ...±0.052 , ,

500 tn-lb _ ...., RM

YM _ 500 tn-lb _ .

' _ COMMENTS:

° ! 21
_" i | i --" i
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TA(JLE I. - Concluded

ii

" TEST i L_C UPHT-1073 J [DATE| 17 Dec. 73

IA42B TEST CONDITIONS

: R_fNOLDSNUMBER DYNAMICPRE_;RE _TAGNATION-T_PERATURE
MACHNUMBER (proun*tlemlth) (pound$/_l.ft) (dqpeesFahrenheit)

3,90 2.50 x 106/ft. .376 150

4,63 2.49 x 106/ft. 290 160

i

BALANCEUTILIZED: , LRC #832D

COEFFICIENT
": CAPACITY: ACCURACY: TOLERANCE:

-,,: NF 1tO00 lbs ±0.05_

SF 250 1bs tO, 05_

AF 85 ±0.051

PM 2eO00 lh-lb ±0.05%

RM 500 tn-lb ±0.05.'_ .

'-:tl ,, YM 1 cO00 In-lb ±0.05_

; COMMENTS:I,

._' 22

.r.,

• ..'_

_'_X_,- .............. =-= .......................... ; ..... i ...... 2 _- _: ..... :" :_2'-
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TABLEIII.- Model Dimensional Data.

I.MODELCOMPONENT:,BODY- ,....... . .;
+

GENERALDESCRIPTION: Orbiter Fuselage Con_LguTation 140 A/Bii l • m i i

NOTE: B_ identical to B24 except undersi,de of fuselag0, ' re,faired to.

accept _116"
mira m _ | i i

Model Scale = 0.0|_'i i i| i ii I n _ i i

VL?'0-000193

DRAWIHG NUMBER: VI.,70-OOOI40A

DIMENSIONS: FULL-SCALE HODELSCALE

Length CBodyFwd Sta Xo = 235) - in. _ 19._00

Max. Width (at Xo = 15201 - in. ' 262.0 3.93

Max., Depth CatXo = 1464) - in. 250.0 _.75
4 "_

Fineness. Ratio _ _A_v n _A_7= ',i

Area - ft _

Ha_. Cross-Sectt onal 340.88462 0.o7670

Planform ........

Wetted _ -

Base

• 1

, 24

• iI'

' i
i

o, ! ,
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TABLE! !!.._-Conttnued. •

qLjw
.o

MODELCOMPONENT-:LCsnop7(C9) '

GENERALDESCRIPTION':_ Ognt_F_ation 1_0 A/9 Orbiter l_teelaFe

-- i • li i il _ li !

m , I i I ii I

Model Scale ,,, 0.015 Model Ih-avlnR No. 33-AOO1A? _j i [

VL70-OOO1AOA
0

DRAWINGNUMBER".. 9_,70-0001/_3A r

DIMENSIONS• FULL SCALE MODELSCALE

L6ng_o-_.6_3 to 670) 2:)5.357 , 3.5_O

MoxWidth(a Zo-513.127) 152._12, , 2.286

_ MoxDepth(0 Xo,-_85.0) 25.000 0.375! I

: FinenessRotio --

Aroo

: '- Mox.- _...Cross-Sectiono_ ,, • ' •

Plonto_

, Wetted ,

Bose in II I

4_
!.

25

(:1 ' !
.!

.!

'l
I

¢.

O000000]-TSC03



HODELCO'_;PO'_ENT'---W[NG'(W__ -: ........ _ ,L . _ I

: GENERALDESCR|PT[O_: _:mfiguration _,0 /_/B Orbt,tev Wlng- I I l I

- ' ".NOTE: Identical: to WII_,exce, pt al,rfoi, l thickness,. Dihedral angle is alone

tratltn# ed2e of wing.__ IlL J --- |' : --, . -" 1

,°

Mode! Stale - 0.015 Model Oz.a_rLn¢No. SS-AOOI&R-- _ _m I I II I _ I [ I I II I I II J

. VLTO-OOOldOB
IZ_L_o,, ow_.No,vLTo-ooq_o0

pIHENSIONS: "" FULL-SCALE HOOELSCALE
• • s -? ._

TOTALOATA ..
" •_a O_eo.)Ftz

PlanYom _Span (Thee In. "" " 956.6816 *_.-,-
Aspect. Ratio ... _ 1 2.268
Rate of Taper 1.177 1/177
Taper Ratto
O_hedral Angle, degrees(at Xo=lSO6.62$,Yo= _'- 0.200 _:...... _.SO0
Incidence Angle, degrees lOS, Zo= 282.75) _ o.soo

AerodynamicTwtst, degrees . = +_.000
SweepBackAngles, degrees 4S.00 48:00Leading Edge ....

• Tratl 4ngEdge :-zo.o_6 -lu.u_o
• 0.25 Elemen_Ltne 35;209" . 3s'.209 ...

Chor_s:
ROOt(Thed) B.PoO,Oo ". 689.2429 I0.339_
Tip, {Thee) B.P, " _137;8486 ' 2,068 -

• ._Z_._LLZ_ 7.22_-::
Fus. Sea.. of .25 MAC 1126.721 17.051

• g.P. of .25 HA(: 2--9z.oo _._65 -
B,L, of ._ _C .., !87.3349_ _;810.

EXPOSEDDATA "
_,_e__._eo). Ftz " .,8_2os o._oe
Span, (Thee) In. BPIO8 .. ,736.6815.._' _.U_-

• Aspect i_tio . , 2.os8 , 2,os8
Taper Ratio ' ' ...... 0.2451 0.2451

Chords " " " 8. _59Root BPIO8 570.6230
Tip 1.00 b • ' z_.ssz2 _,

•MAC "E ' . ._S4.2_6_ _.3Z_
- Fus. Sta. of .25 MAC . 1-164.237 _

g,P. of .25 HAC 292.oo : t.,..3_
• . B.L. of .2B _C _ 3.595

Airfoil Section (RockwellRodH_SA)
XXXX-G_

Root b = 0.425 0.113 0.].13

,, 1.00 0.12 0.12
Tip b

le

Bate for (1) of (2) Sides
Leading EdgeCuff _ _ _ ,

:_ Planform Area Ft" _ U,u_'06

:_ Leading Edge Intersects FusH. L. _ Sta _ _,:i . Leading_dgo Intersects Wing@ Sta 1o_._. . _ -.--.. '

:,: 26 '

.j,

>, ; •.
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TABLE!; I. -°,Continued.

( MODELCOt.IPONENT: EI_'O,_!- (,E26)
i , i ., i i i i ,*

GENERALDESCRIPT]O;I: Contt_azcf,ion 1AOA/B Or.biter mewon , _

)_g..: VLTO-O00200, d_tg for (1) of (2) sides. ,, Identical to E2.S,oxcopt

:airfoil thickness o

L J i • i • l _ t i _

).._el S_.le -O.015,. H,odel De&_rlngs No. SS-lOO]J_8i f i i it t

VL?O-OOG200

DRAWII','GNU:4BE.R.: VLTO-OOOZ_O,B

DIHENSIONS:. FULL:SCALE .HO.DELSCALE
t | ' " i

Area 22t. _e.Zk • o.o_o3

Span (equivalent) _68._ . _:_25
i

Inb'd equlvalent chord , , 119.62_ L1.7%

Outb'd equivalent chord .... 55.1922 0.828

C} Ratio _)vable surface c'hcmd/ ',.i
" total surface chord

At Inb'd equiv, chord " 0.2096 , 0.2096 .

At Outb'dequiv,chord 0._(:_)_ 0._00_
i iltt

SweepBack Angles. degrees .

Leadtng Edge . 0.00 . _,,0"00 _

_" Tat1tng Edge -10.,056 -10..O_6
0.1_ 0._ _,

Ittngeltne .....

_': Area Homent(Normal to hinge 1the) _2 0.002_

27

*0

• ° I,

i ' t
• t
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TABLEIII.- Continued.

MODEL COMPONENT: p,_ Fl_ i" -4'F? ) L.........

GENERAL DESCRIPTION: . Ccnfi_U_tlcn1&O A/B Orbiter Body Flap .......

• _TOTZ: Bod3,f_a_ has varl_.h!ecenter!ined_flect._onof +16.3e end

-II.7 e from null _osition. Hinge line located at.Xo =152-_.3,
_ LI I ' J '| I I _L IILF II Jll I I , I , I , i , ,,

Zo = 28&.3 , Model D_awlng No. SS-AOOI&7.i i ,, ± I . , • m, i • _ J| ,L ,

l:_delSc-.Ic= 0.015

DRAWING NUMBER . VL?O--OOO1/+OA,.'V]';70-0001_..5

DIMENSION. FULL SCALE MODEL SC/,LF

tength(Xo=ZY20 to Xo=1613) - IN. 93.000 1.395

/V_ W|dtl_ - IN. 262.000 3.930
.... ,•

Mox D_pth (Xo = 1520) - I'lL 23.00_" ,. 0.3&5
o

FinenessRatio

Areo - yt,2 o

Max Cross-SecHonal ..

• Plonform ' .-Z,SQ,EZ.S9.-- 0.0339.... ii , J H

Wetted

Bose 41.84722 O.O0_L_Iii I i __ I i

• 28

t "
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:: TABLEIII. - Continued:
"i

. e.

MODELCOMPONE_IT:_ e_ (HT)' '

Cont*igm*ation 1_0 A/B Orb£tex' O_-]_dGEId_RIPTION _. , ,

i m

| i i|

Model Sca].e = ().O15 Xodel Dr,a'a'J.nENo. _J-A0012,?
VI.70-OOO_OA

: DRAWINGNUMBER: . VT.,?O-(X)01_5 .

DIMENSIONS: FULL SCALE MODELSCALE

Lea_h(_ _ _-1233.0) -_, 3_.000 , 1.9o5

C Max.Wide,_(o xo=_So.o)- _. 9_.5 .... :]..Us

Max Dopth (g Xo-i_93.0 ) - ZN. I09.000 1.635

; Flneneu Ratio

. Area

' Max. Cross-Sectional '

Planform , ,

Wetted

Base

:: 29

i '

i
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TABLEIll. - Continued. ]

_DEL OO)_ONENT: NOZZLES- N,.2 .......... • .........

OE_.P_ _CXZ_rIOH: Oont_mation ._0.A/B Orbiter OMS_o.zzZe..........

__chnulL _s. _unted to so_el st _o h._ 4e. _-...,,.,_._ e.n h..e. _ok_

-- &eeordln_ to ........runes YLTO-OOOI_OA. ' ...... _ . .

M_DEL' SCALE a 0.015 Model D_awln_no. S5-AOOIL7

DRA_INO NO. VLTO-OOOI_OA
L | llw i .

D]_NSIO_ i _'U!L SOAI_ ____DEL_$CM_ ,

YAoh Ho. "

O:tml_l Point to Exit Plane ..... _ . ....

Thr_t to Exit F_ne ........

Diameter-in.

T_rcat . _- ..... _ _-__,

/ad._
t, ,....... - --

~t_22

lt_.t
__ mE __ I I _

• _ _ -, - L _,.

X 1510.O 22.7?

• +_88.0 1.12

Z , _92.0 7.38
i

i Null Po_itt on ~da_. 30 30

; Pitoh ' -' I
Taw " 12° 17' 12e 17'

30

g,

00000001-TSC08



TABLELII. -.Continued.
r

• t

'_-- RODELCOHPONENT: RUDD,]_- R5
'% p

/ GENERALDESCR[PT[ON: Oo.._J.g_att_ _0 AID Orbif.o_rhddme.:. 'i i| I

'' L i i i i i i i i - --_ ii i iii

• ' e

• . I L I i L I J ii i i

", ]_tel S_le - 0.015 Nodel pravi-,_e No. _-AO0_8", ii ,,,, , II t I

: .I)RAWI.NGHUHBER: v'r..,?O-O(XX:)95,W,70-OOOl_6A

DIHENSIONS: FULL;SCALE I_)D_ SCALE
; :-i '

.... Area - F1'2 106.38 .0.0239 ..

; Span (equivalent) - :IN. _0!. 0 , _.o1:5

.." Inb'd equivalent chord . 91.585 , .1.._

' ; Outb'd equivalent chord _ ,0.762

" C Ratio movablesurface chord_
: total surface chord

., At lnb'd equiv.-chord O.t_O0 0.400
: ii

z__ At Outb'd equiv, chord 0._00 0.400!:,_,_ ,
,..!

SweepBackAngles. degrees

;:_ L-ead.tng Edge 34.83 .,_

_i_ Tat14ng Edge ._ __

_}_ Htngeltne _

;ij Area Homent(Normal to hinge line)- T1'3 _ O.Oql;_B,,
:i LrauQt oe ... Cho)
2:i_ . •

.,_ 31

ONNNAAA'I _T_r"no



TABLEIII. - Continued.

MODELC_PONENT:VERTICAL_ V _,
.... _1 1 II I 1 I ii L IL _ • I I

GENERALDESCRIPTIONz Cq.nftF_ur_tion,1/,0A/B Orbit.e3 Vertic._l T_

NOIT" Simi!_rto V5 withradius,on TE uoDeecornerand LE lowereoz'ner
i

,,..... w_ereve_ical meetsfuselage,

_._ale. =.0.O15 , ModelDrawing,No. :_3-AOO_L-?-- . IJ L I

, VL,70-,,OOO.X._OA'
OeA m, _ .VLTO-OOOeA ,,

IreS: -SCAp:,, MOoaSC E.
TOTALDATA.,

Area (Theo) F't,z ,._13.253, , 0.09298 "
Planform

Span(Theo) In _" _.
Aspect Ratto i. OT.S 1.675--
Rateof Tapm* _ O.507
Taper Ratlo : __o._o399 0._03_?
Sl_eepBackAngles, degrees

l.eadlng Ed_ : _._.0o, /,.5..oQ ,
Tretl qngEdge 25.9/,7" ._ 25_747
0.25 ElementLtne _!,130 _ A_

: Chorals:
:_ Root.(Theg) tiP 268.500 .

TIp (Tlmo) MP 108._?u
MAC 199.807S6
Fus.. Sta. ot' .25 _ _
W. P. of .25 MAC .._
B. L. of .?.SMAC o.oo

AIH'o11 Sectton
•' LeadtngWedgeAngle Oeg _

Tratlt ng WedgeAngle Oeg _
Leadtng EdgeI_dtus _

Vold Area _ n__,_c)_
Blanketed Area _

.L

" 32
: 4"

::i_ :'" -' ....................................................................................... L
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•;_ TABLEIll. - Continued.

,i m

, GENERALDESCRIPTION'.,--_CarborunCtm Ertt loo_ted on 8RBm ETa s,nd orbiter

noses and orbiter viu 6 _nd ver__tlcal stablitzer surfaces: ,_
/,

i ill i i _ J _ m |l J i i i .

DII4_SIONSz (mdel scale_ Inches). ._

Nominal gz_t size

-;'; Dlaae_er - In. 0.0128 "

. : Lo_tion - In. o

;: Aft of nose leadJ._ edge, etreaavlee ., 1._: ....

_;tI Aft of vlng_ vertical tall_ and inches
: perpendleulsr to leadlng ed£e _ 0.28_

- Aft of 81ove_ inches perpendlc_.ar
to lesxLt._ edse 0.0_ __

" I

/

]
1

33
t

| :

k4 _
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TABLEIII.- Continued.

I
MODe.%_MPOItE_: B01NDARYLAYERTRANSITION8TRIP - X2_

, , LL-

•_ GENERALDESCRIPTION: Carborundumgrit located on SRBa ET_ and orbtter_L"

nose and orbiter ring and vortical stabilizer surfaces.

DIMENSZOI_S:(model scale, Inches)

Noud._). Orit Size:

NO. 40

Diaaete':- In. 0.0181
<

Location- In.
{

+, Aft Of nose leading edge, stream_se- 1.2

:i Aft of ",ring, verti_ tail, and inches
perpendicularto leadingedge 0.283___

Aft Of hove, inches perpendiculiac to
leading edge 0.069 _

1

i

T

_L

.!
,!

il

,i_I 34

"ti !'

..,. . •

00000001-TSC12



:i TABLEIII. - Continued.

(Tl )MoDECOM,ONEN,, -
, '_ , , , l IlL ---I I I I II L _ J ,

_ .

_; GENERALD-ESC_T.L_ K_err_l Ox_eo.ll_rogen Tr.nk
- I:!! .

k

)

..... . _ i ii i k i ill i| I

i! NOTE: Id._nticalto TII _.._thex%ernalfuellinesadded
- il i II | I I -- ' | '| ' | |

_! -- ._'_I._._= o.0,I_. , .... ,i •

I! VL78-00003:_

'i DRAw,oNuMa R . .
• i DIMENSION: FULL SCALE MODEL SCALE

_ m q

I;I'F Lenglh- IN, (Hose@ XT = 309) _ !865_ , •27.975,,
,/

_.!. . Max Width (Dia)- IN. L=, 32_.___ _ &.86 ,

_,_" Mex Depth
t T --_ i I i o_, I i I l___

'i " Flne.essI_tlo ., 5.75617....... " 5.75617
_: Areo _ _,2 ".

_ /_x Cross-Sectlonal 572.555 0.1788

,_ Plenform '
_" J L , -- -

i , Wetted "
_, [ I i

"_ t', Bose ;

, WPof To.nkCenter:Line (t5F) - :IN. 400.0 6.000
'" I 2

}, l •

" i i
1,

; i

.:5 i

0000000]-TSC] 3
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TABLEIII. - C0nttnued.

1
" ! MODEL-COMPONENT : _l_z___.._ T_ k m, T_ i--q,F

=

GENERALDESCRIPTION:, External_OxT_:enHTdro_enTank. .....

NOTE" Has same fuel lines and protuberances _s T12. H_s a 1208 in.
i ,

RadiusTangentOgive Nose.
"Z

-- , i , in n -_ .......... _ i I

MCKI@I IScale - 0.O15

: DRAWINGNUMBER' SS-A-o,t_-_ T in I[

:, ",

DIMENSIONS: FULL SCALE MODELSCALE
o

:. Length - IN. (Nose @XT - 220) 195_..0 29.310

:T MaxWidth (DLa.) - .TH. 32_ 4,86

• MaxDepth

FinenessRatio 6.O91' 6.0_I
! .'i

;.-_., Area ft.2

Max. Cross-Sectional 5?2.555 , 0.1288

Planfarm

•- Wetted

Base .,

WF of Tank Ce_terllne(ZT), IN. _00,0 6.000 i
'i

_.... 35

I

': !/

' I
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: TABLEIII. - ContinUed.

'i / '1

: 1
t

MODELCOMPONENT: _ TAme- TI'_ i

GENERAL DESCRIPTION: Xxl:e_-ealox_zen-h_=en tank vhteh ;I,_

=teLtlar to T12 except tlmt the nose and ta=_enc¥ point h_ve been, _ : '-i

_ _hew, f==._A kv =lO 4'._h_m fll 11 m_al a

_DZLsc_z; o.o].,_
- ,}

_" DRAWINGNUMBER' _R-q-An11_ T . , ; !

DIMENSIONS•: FU£r. SCALE MODELSCALE

Leag__ DI. (_ae • .x_3_8) . ZSa6.o a?.39o

MaxWidth-,., IN. _k.O _,.8_0 -

_ MaxDepth ....

FinenessRatio _. _ _.6,36 :

;: Area ,_ tt 2 " I

_,: Max;.Cross-Sectional 572.5:_ O.1288

Planform
'" Jt

Wetted :

Base
I I

_i WPOf ET centerl:Lne (_),vla. II00.0 6.000
_

i; :

'; ..2

00000001-TSD01
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• TABLEIII• - Continued• i
1

i

MODEL COMPONENT: BC_STER S(_LID R0Clr_'T _U?0ff S12_

GENERALDESCRIPTION: Coz_J4_u_tion 31, Dsts f_" (1) of (2) sides,
I ,11 • I ,

pe_ Roc_,_ellLines VLT?-OOOO36A ........ ..: l_

unu i | _ JI I . Jl II | .

.ModelScale = 0.O15
$ , , , , I.---

VL72_D
DRAWING NUMB.ER __ YL77-(xx)o36A _

DIMENSION: FULL SCALE MODEL SCALE
• i

q

• Ler_h (I.cluass t_o_zle)- IN. _ 1"_..0 _ 26.115
Mcm Width (TankDie.)- IN. i i/f2.3_ 2.135 ,

Mox Depth (A/'_ Shroud) - IN. , 192..0 2• gSO ,

. Finene. Ratio 9.06771 _9.06771 i

Area - I_ 2

Nk_ Cross-Sectlonal . 201.06193 0.0/+52

Planform •

Wetted

Base

• WP,of BSRMCenterllne (ZT') - IN. _ • /,OO ___6_.00o....

FS of BSRKNose (XT) - IN. -_ ?43 11.1_5

|
t

• 38 "
e
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8 TABLEIII. - Continued.

(

X_SCRZ._ZOM,c_riqp_r.cton _ eem _._,ze. ....

in i m n n n • m J . _ n i n n nm . _ in J i

_.. r _ _,,i i _ i n i i _ i m _ _ ! _

HOOEL80_ " 0.015
_- " _72-oooo.z ............................

D___Dmm_z°m ._ _ SCA_
FAohNo.

iL

lamgth~ :Ln.

• L

' ._ro_t to Exit Flano _ _.

( •

I_et
dm_m_m_mmmm-i_

Area ~ft2. i_

_x:l.t _1_,89 95 U.024_ -

O4-be_ Po_mt (et4t_on)- m.

x __?_ • _ 26.,?_2_

¥ ' -o-_3.0 +_).GUS

,.. Z , /,00.0 6.0
_ n ±__

_. HuZZPosLtton~do8.
Pitoh O" 0o

_ "_e,W O* 0o :
lP5of' No|sic EXIt Plnno (l?) IN. .__22222222_ 37.2_) :,

39 _
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TABLEIII. - Continued.

(

i MODEL COM?ONENT: ET Protube_'ance PT1, n _ _ n nt ,nn n inn

i DESCRIPTION: LOX Ven% Line Fairin_ on Tank. TI_ Nose

i! MODEL SCALE: tOl_

DRAW_GNO.VnT_OO_IA
FULL SCALE MODEL SCALE

_ DLM_SIONS: Leading edge at XT 32.1 /_.81_

_T . o .....9.

Trailing edge a_ XT 947 .... _d_.205 .

zT- _ 7o .1.o53 ....

.._

4O

:i i

II

00000001-TSD04



;: . TABLEIII.-- C0_ttnued.

_ ._ MODELCOMPONENT..ET P_ot,iberance PT2

i _U_ DESCRIPTION: LOXfeed 1_4nes?n vehicle _,,tank 'secured to tank by br,,ackets ,
c '!

_' with _o-inch 8pa.cin_ (toe_] of _2 b_eke_

MODEL
@b, _qh m,

_ i v_vA_ ....
i::/ i

-,_i. DP_G NO. VL78-OOOO_IA

i'J_ DIMENSIONS: Leadlng_edgea1___T 9/,? IA.205 .

_- 7T .?o z o_3

;:_:: Trailing edge at. XT 1330 1_,950 ....

_T .70 I.OS3 .'_'
:: - o

_' _aeket spat:hiE from XT - 997 _0 .._1_ .:

,_:'::i Centerllne of LOX fee_Ine 1oe_ted ._
_:'_ (: Z_/a11_ at _ 23._ 0. '., /! m

i. _' i

_=,

' i • .5

00000001-TSD05



TABLEIII. --Continued-

MODELOOMPONENT:._lET ProtuberancePT1

DESCRIPTION: LH? v ene. i!il_e on vehicle_$ tank secured to tank by brackets )

_with ._04.nch s]:_ctn_ (total of 22 brackets)

........ iMODEL SCALE: , O,01_

_'_G No.vz,78...oooo:_lA .,I
i

FULLSCALE MODEL SCALE :I

DI_SI_S: Lead_ _ at _ ....9_7 14.2015

-i

Trailing edge at-.XT I_0 19. 950

Bracket spacing from XT - 997 50 .8_ i

Centerllne of LH feedline radially located at _ = -3_._ O....

I 42

4-
!:
i' I
.?:
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°i TABLE11I. - Continued.
: r,_

::.,: _} MODELCO_PON_T: _ttach__ StrUptu_e ATe , , _

{";_ C_I£L _n__.._c____T__T!_t__..Forward Orbit.er/ET Attach Struotur_e (_,'_ember structure) .

Model Scale:. 0.015

...." _?2...O000_D_.: DRAWINGNO. ...... :

:::' DD_ENSION: ME_BER I_JLL SCALE MO_L SCALE

_o• zo . o _ __ o _-- :,

: X? 1132 16.980

!_ " _i: _ _T _ 0.66 .

_i: x? _a z6.?eo ..

:_i 'tT "_ -.66

._ ZT ,;s6_ e._,_ __

Dl_neter of' Members: 10.2 q.]-._3 :*

_-_
_ 43

.7• - . .
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. ,_, TABLEIII.. Cont4nued.

_ _"

"i+1 MODEL CO_=O]_IT. A%__ACHS__ - A_%.2

' OE_l_2_i.,T.,]_,._3P,I:P'/_ON: Lef__.t__ar orblter/E?&_ttach stz_.cture (2 member _

r
..st_ .ure) ...........

"L

i -- ,

MO]Z_.,SCALE- 0.015
-i I
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"" TABLEIII. - Continued.
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b. Side view
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APPENDIX

TABULATEDSOURCEDATA

Data from IA41--CN, CLM, CA, CAFT, CABT,and
AC/L--for Mach numbersof 0.60 to 1.20 ape

ltsted with IA42A/B tabulated source data.)

Tabulations of plotted data are available on request from
Data ManagementServices.
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